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0 Filtration media and method of manufacture. 

* 

<§) The present invention relates to filtration material, more particularly. «^^» ^erfo^ce air 
Nation heating, ventilating, and air conditioning systems. The P"»2*j£^^ 
fiiter is to provide maximum particle removal while ^J^TjS^KiS sSdSmeter. which can be 
fibrous filters obtain improved particie removal effic.ency by us.ng ^^^'^^"g which increa ses the 
packed closely together. This close packing results in smaller vods between ,« fibers. ^ accQm . 
probability that particles wi.l be interceded by a fiber. ^J^^^^^^J^'m. This 
panied by an increase in pressure drop. Excess.ve pressure <^™™*£*™ ° elSown fibers and staple. 

process step. The filtration material exhibits high strength and low pressure drop. 
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FILTRATION MEDIA AND METHOD OF MANUFACTURE 



Background Of The Invention 



1 . Field of the Invention 

The present invention relates to filtration material, more particularly, filtration material that is suitable for 
air filtration in heating, ventilating, and air conditioning systems. 

2. Discussion of the Art 

The primary objective of a high performance air filter is to provide maximum particle removal while 
maintaining an acceptable pressure drop. Conventional fibrous filters obtain improved particle removal 
efficiency by using filaments having small diameter, which can be packed closely together. This close 
packing results in smaller voids between the fibers, which increases the probability that particles will be 
intercepted by a fiber. This increase in particle removal is, however, accompanied by an increase in 
pressure drop. Excessive pressure drops can restrict air flow and shorten filter life. 

The use of electrostatic fibers can improve particle removal without affecting pressure drop or filter life. 
The charge on the fiber enhances particle removal efficiency by attracting particles or aerosols to the fiber. 
Therefore a filter made from electrostatic fibers has a higher particle removal efficiency with the same 
pressure drop and dust holding capacity as a filter made from an uncharged web having the same 

mechanical construction. , 

Japanese patent application JP57-105217 A discloses air filter material comprising electret fibers of 
rectangular cross-section combined with staple, uncharged fibers of small diameter. The staple, uncharged 
fibers can be made of glass, polyester, polypropylene, or other fiber-forming materials. Pleated filters made 
from this media are not suitable for use with conventional heating, ventilating, and air conditioning systems 
because the pressure drop across the media is too great at air velocities normally encountered in such 
systems. Furthermore, additional processes are required, e.g.. needle punching or addition of support 
layers, in order to realize strength characteristics approaching those suitable for filter materials for 
residential heating, ventilating, and air conditioning systems. 

US Patent Nos. 3,016.599 and 4,118,531 describe articles formed from combinations of staple and 
meltbiown fibers; however, none of these patents disclose filter materials suitable for residential heating, 
ventilating, and air conditioning systems. 

U S Patent No. 4.729,371 discloses that webs may be electrically charged to enhance their filtration 
capabilities, as by introducing charges into the fibers as they are formed or by charging the web after 
formation thereof; however, it is difficult to obtain a high level of charge by the process of that patent. 



Summary Of The Invention 



The present invention provides a novel air filtration material, articles fabricated from that material, and a 
process for making that material. The filtration material and articles prepared therefrom are particularly 
suitable for use with typical commercial or residential heating, ventilating, and air conditioning systems. 

The material of the present invention comprises a web comprising (a) continuous, meltbiown fibers and 
(b) staple, electrically charged, fibers randomly dispersed among the continuous fibers. The web contains 
from about 10% to about 80% by weight, preferably from about 20% to about 50% by weight, electrically 
charged fibers. The diameter or major cross-section dimension of the continuous fibers ranges from about 
10 to about 30 micrometers. The diameter or major cross-section dimension of the staple fibers ranges 
from about 10 to about 80 micrometers, and the length of the staple fiber ranges from about 6.5 mm to 
about 50 mm. The pressure drop of the web ranges from about 24.9 pascals (Pa) to about 74.7 pascals (Pa) 
when tested at an air velocity of 0.91 m/sec. The tensile strength of the web is preferably at least about 
0.25 kg for a 76.2 mm wide strip. The web material of this invention is especially useful for preparing 
heating, ventilating, and air-conditioning filters. 
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The process of this invention allows filtration materials to be formed in both planar configurates and in 
nonplanar configurations. The process of forming the web of this invention comprises the step of combining 

charged fibers and continuous, meltblown fibers, such that said electrically charged fibers 
S ando^Hspersed among said continuous fibers. The continuous, meltblown fibers can be formed by 
eSrud^g a molten mass of polymeric or glass material through a row of side-by-s.de orifices .n a die into a 
hZS^y gaseous stream, whereby the extruded materia, is attenuated and drawn to form a stream of 
cSinuous y me,tb«own fibers. After the web of electrically charged fibers and 

the web can be collected on a collector, e.g.. on a drum or on one or more screen-like elements arched to 
a drum The collector can have a configuration that provides either planar or non-planar filtration ma er a 

O^eTthe major advantages of the process of this invention is that by allowing ^^T^l^ 
non-planar configuration, the performance of a filtration article of a given area. e.g of the dimensions <rfan 
air duct slot, can be enhanced without the need for additional processing steps that add to the cost of the 
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Because the staple fibers are dispersed among the continuous fibers, addition of support layers or 
convenTon^ operations, such as needle punching, are not needed to produce fi.trat.on 

articles having the strength, porosity, and pressure drop characteristics desired. 



Brief Description of the Drawings 
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FIG. 1 is a schematic view, greatly enlarged, of a portion of a web of the present 

FIG. 2 is a plan view of a web of the present invention adhered to a w.re mesh collecting screen. 

FIG 2A is a sectional view along the line 2A-2A of FIG. 2. 

FIG' 3 is a schematic view of apparatus suitable for use in the process of the present invention. 

FIG 4 !s a perspective view, partially in section, of a portion of an illustrative non-planar web of the 

^s^^view of a portion of a screen-like element suitable for use in the present invention. 
FIG 6 is a plan view of a portion of a screen-like element suitable for use in the present invention. 
FIG* 7 is a plan view of a portion of a collector suitable for use in the present invention. 
FIG. 7A is an end view of the collector of FIG. 7, 



Detailed Description Of The Invention 
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Referring now to FIG. 1. web 10 of the present invention comprises (a) continuous meltblown fibers 12^ 
pnri /m staole electrically charged fibers 14 randomly dispersed among contmuous fibers 12. As used 
S£ thtterm 'SluLs fiber- means a fiber of relatively long length formed from polymer or glass. 
tT^ "rSZ fiber" means a fiber formed from a molten polymer ^^^JTS? 
pn,.inment havina a hiqh-velocity gaseous stream to attenuate and draw the fibers. The term staple fiDer 
meanH I! Synthetic fiber of relative* short length. The term "electrically charged fibers" mc.udes 
^fibers bSring a positive charge only, (b) fibers bearing a negative charge only, and (c) fibers composing 
a dielectric body in which a permanent state of polarization has been set up. matpria , s lt is 

Continuous, meltblown fibers 12 can be formed from polymenc matenals ^J^T^J^ 
^referred that fibers 12 be formed of polymeric materials. Continuous, polymenc. meltblown fibers su.teble 
tor this invention can be selected from any fiber-forming polymer. Representee examples of such 
ZCerZ^e polyolefin. e.g.. polypropylene, polyethylene. ^f^^^J^^Z 
thane The shaoe of cross-section of fibers 12 can range from elliptical to circular, and the diameter or 
mS' crass-seSon dimension of fibers 12 can range from 0.1 micrometer to 50 micrometers. The prefened 
SeteMs Jtleast about 10 micrometers. As diameter increases, the quality of filters made ^refrom also 
Sases Of Lrse. continuous fibers cannot be of infinite length, but it is preferred that the average 
Ipnath to diameter ratio of the fibers exceed 5000:1. t K ~ 

LoireTectrically charged fibers 14 can be formed from materials that have acquired a charge be it 
posi^on! n^Sve only 9 or both positive and negative, e.g.. polarized. A given web can cent* r . one or 
m o e of tne Aforegoing classes of electrically charged fibers. It is preferred that staple, e.ec tncal y charged 
TeTs 14 be formed from po.ymeric materials. Representative examples of commercial y available e ec- 
Z charged fibers suitable for this invention include "FILTRETE" fibers, commerc.ally available from 
MmnesoVa Mining and Manufacturing Company. "FILTRETE" fibers are electret fibers. ..e.. fibers ,n wh.ch a 
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permanent state of electric polarization has been set up. 

The percentage, by weight, of staple, electrically charged fibers 14 in web 10 can range from about 
10% to about 80% of the total weight of web 10. The percentage of staple, electrically charged fibers 14 in 
web 10 preferably ranges from about 20% to about 50%, based on the weight of web 10. Webs having 
lower amounts of staple, electrically charged fibers have higher strength and integrity, while webs having 
higher amounts of staple, electrically charged fibers have superior filtering capabilities. The optimum 
percentage of staple, electrically charged fibers 14 in web 10 appears to be from about 25% to about 35% 

of the total weight of web 10. 

The length of the staple fibers can range from about 6.5 mm to about 50 mm, and the diameter or 
major cross-section dimension of the staple fibers can range from about 10 micrometers to about 80 

micrometers. . . . 

The permanent charge cites on staple, electrically charged fibers 14 attract and capture particulate 
materials, contributing to a high efficiency of air filtration. Continuous, meltblown fibers 12 are intertwined 
about each other and about the staple, electrically charged fibers 14, physically holding web 10 together, as 
well as providing filtration surfaces. This combination of fibers provides media for filtering air having 
relatively high efficiency, low pressure drop, and good mechanical strength. 

Pressure drop is an important factor in determining the adequacy of a filtration article. The air 
resistance of a planar web 10 suitable for use in a pleated filter can range from about 12.4 pascals (Pa) to 
about 747 pascals (Pa) (pressure drop at 0.91 m/sec air velocity). It is preferable that the initial filter 
20 resistance of a pleated filter for heating, ventilating, and air conditioning range from about 24.9 pascals (Pa) 
to about 74.7 pascals (Pa) at about 1 .52 m/sec air velocity. In order for the resistance of the pleated filter to 
be in this range, the planar web from which the filter is made should have a pressure drop of from about 
24 9 pascals (Pa) to about 74.7 pascals (Pa) when tested at an air velocity of 0.91 m/sec. 

Tensile strength of a web of filtration material of this invention is preferably sufficient to withstand air 
25 velocities encountered in typical commercial and residential filtration operations, e.g.. 1.52 m/sec. The 
tensile strength of a web of filtration material of this invention is preferably at least about 0.25 kg per 76.2 
mm width, and more preferably about 0.50 kg per 76.2 mm width. The tensile strength of webs containing a 
mixture of staple, electrically charged fibers and continuous, meltblown fibers combined by the process of 
this invention is higher than that of similar mixtures containing only staple fibers made solely by means of 

30 carding or air-laying equipment. 

The weight per unit area of web 10 can range from about 30 g/m 2 to about 400 g/m 2 . The toft of web 10 

can range from about 0.5 mm to about 25.4 mm. 

The webs of this invention formed in a non-planar configuration have increased surface area relative to 
webs of the prior art. The increased surface area improves the filtration properties of the webs. The surface 
area of web 1 0 can range from 1 times the face area thereof to about 50 times the face area thereof. 

The Initial Dust Spot Efficiency of the webs of this invention can range from 10% to 95%. Initial Dust 
Spot Efficiency is measured in accordance with Test Method Number 52-76. American Society of Heating. 
Refrigerating, and Air-Conditioning Engineers. Inc. It is preferred that Initial Dust Spot Efficiency be at least 

20%. _ , x . . , , 

A good overall measure of filtration performance of a web is the "Quality Factor" (Q) because this factor 
is based on both efficiency and pressure drop. Quality Factor (Q) is defined mathematically by the 
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expression 



-ln(% POP Penetration/100) 

A P 



where "DOP Penetration" represents the percentage of dioctyl phathalate particles having a size of 0.3 
50 micrometers that pass through the web, as measured by TDA-100 Aerosol Penetrometer. Air Techniques. 
Inc. Baltimore. Maryland, "AP" represents the pressure drop in pascals (Pa), and "1n" indicates the natural 
logarithm. This value of Quality Factor (Q) is always positive and increases with reduced penetration. 
Conversely, as pressure drop increases, the value of Quality Factor (Q) decreases. The Quality Factor (Q) 
can range from about 0.05 Pa" 1 to about 5 Pa" 1 , and it is preferred that the value of Quality Factor (Q) be 

5 5 at least about 0.1 Pa" 1 . 

Preferred parameters for a filter for heating, ventilating, and air conditioning are as follows: 
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Composition of continuous, 
meltblown fibers: 



polypropylene 



Shape of cross-section of 

continuous, meltblown fibers 



Circular 



70 



75 



20 



Diameter or major cross-section 
dimension of continuous 
meltblown fibers: 



Composition of staple, 

electrically charged fibers: 



10 micrometers to 
30 micrometers 



25 



polyolef in, polytet- 
raf luoroethylene , 
polymethylpentene , 
polycarbonate , 
polyvinyl idene 
fluoride 
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Shape of staple, electrically 
charged fibers: 



rectangular , circu« 
lar, elliptical 



Length of staple, electrically 
charged fibers: 

Diameter or major cross-section 
dimension of staple, 
electrically charged fibers: 



6.5 mm to 50 mm 



10 micrometers to 
80 micrometers 



Amount of staple, electrically 
charged fibers in web: 

Air resistance of web 

(pressure drop at 0.91 m/sec) 

Surface area of web: 



10% to 80% 



24.9 Pa to 74.7 Pa 

1 times the face ar 
to 3 times the 
face area 



Weight of web 



Loft of web: 



Tensile strength of web 



40 g/m 2 to 150 g/m 

1 mm to 5 mm 

At least 0.50 kg 
for a 76.2 mm wide 
strip 



Initial Dust Spot Efficiency: 



Quality Factor: 



10% to 60% 



0.1 Pa 



- 1 to 3 Pa 



- X 



The filtration material of this invention can be formed in a planar, flat web, by collecting the web of 
combined fibers on a flat, porous screen having relatively small openings. Alternatively, the filtration material 
of this invention can be made in a three-dimensional configuration in order to obtain increased filtration 
surface area. The three-dimensional shape can be obtained by collecting web 10 of combined fibers on a 
screen 16 having openings of such dimensions that portions of the material of the web are forced to 
protrude through these openings (see FIGS. 2 and 2A). 

The physical strength properties of the filtration material of this invention enable it to be used in air 
filters without resorting to additional strength enhancing operations, such as, for example, needle punching, 

attaching to scrims, etc. , 
The filtration material of this invention can be used for many applications in air filtration. Examples or 
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cTbusT^ «'t- for electronic equipment, and filters for personal 

reS C«on materia, of this invention is .superior » ™J&^~*£ZZ 
superior strength and handling charactenst.cs for a g.ven thickness and weight ana pp H 

pressure-drop characteristics reiative to its air filtering <^^ T J^ , i ( jnL thaiof webs 
containing staple, electrically charged fibers and conanuous. meltblown fibers is h.gher 

moften potymric or glass material is formed into froe, c «™°^f^r " 7. ^ oVTw.. A web 
me high-eleoity air used to draw the tibers and tree sport them tor a ^ m 8ubseque „„ y 

of olectrioally charged libers i S separated i„,o ^■'^ a ^^^^,t^i the coiector 
eiected ioto the converging stream of continuous, »f ' " ^™^, 1 ^Sra as taught, for 

19k entitied "Manufacture of Superfine Organ.c Fibers" by Wen te, ^J^J^S fiber-forming 
Such a structure includes a die 20 which has an extrus.on <*^£*™?*^ V^20 and through 
m aterial is advanced; die orifices 24 arranged in line ^^^^^^J^^^A 
which the fiber-forming material is extruded; and coo per «£^J^ 1 ^J^"JLi the 
heated air. is forced at very high velocity. The high-velocity ^ gaseous JJJJ^^J^ flbers during 

SS^SSL or cylinder, but which - J-^^^"^",: pressures 
The velocity of the gas streams carry,ng the fibers to ^T^^* ,„ ge , (or 2 kg/cm*), and 
(pressure of gas prior to introduction to die) generaHy than ^ ^SSwUy orifice has a 
preferably less than about 15 Ibs/sq in gauge (or 1 ^^^^JL^J j£ co | lector too forcefully, 
width of 0.3 mm. so that the fibers are not driven ,nto the peri orahon t ****** 
Generally the air manifold pressure is more than about 4 Ibs/sq "^^^J™*^ The highest 
than about 6 Ibs/sq in gauge (0.4 kg/cm*) when the r^S^^Si^ES used is often chosen 
, velocities can be used when the collection distance .s large, and the s P e ^J£ ,oc,ty 

by varying the velocity and collection distance on a trial basis the aMM to assist in 

Gas-withdrawal apparatus may be positioned beh.nd the screen-l.ke element ot tne cone 

deposition of fibers and removal of gas. continuous, meltblown fibers in the 

The electrically charged fibers can be .ntroduced into the stream ^~™^" 8> tne fiber . b , owi ng 
5 illustrative apparatus shown in F.6. 4 through use of a hd«nnnrt 30 ^ wh J 
apparatus. A web 32 of electrically charged fibers is propelled along a table 34 under a drive ro 
the leading edge engages against the lickerin roll, electrically charged 

The lickerin roll 30 has rotating teeth to chop, separate or open ^the meltblown 
tibers into individua. fibers, and an air stream to blow the fibers out nto ^ he J^^J^ of needle 
„ filers The lickerin roll is fed by a web of electrically charged fibers which is omrw y 
° charged fibers, or (b) a loose web of ^^^l^ Q edge of the 

The lickerin roll 30 turns in the direction of the arrow and picks J^^^ ^gh an 
web, separating the fibers from one another. The picked fiber s i are > convey - 

inclined trough or duct 38 and into the stream of continuous melt JJ^^^Eta, oi the lickerin roll, 
with the continuous, meltblown fibers. The air stream is ge nerate ^^l*™™^ a duct 40 as 
or that air stream may be augmented by use of an auxiliary fan or blower operating tnrougn 
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known in the art. 



The^xerstream of continuous fibers and electrically charged fibers then continues to the collector 28 
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where the continuous and staple fibers form a web of randomly intermixed and intertangled fibers. Under 
close examination, the continuous fibers and electrically charged fibers are found to be thoroughly mixed; 
for example, the web is free of clumps of electrically charged fibers, i.e., collections one centimeter or more 
in diameter of many electrically charged fibers, such as would be obtained if a chopped section of multi- 
ended tow of electrically charged filament were unseparated or if electrically charged fibers were bailed 
together prior to introduction into the stream of continuous fibers. The web is peeled off the collector 28, 
and typically wound into a storage roll 42. Subsequently, the web can be processed in cutting or handling 
operations. 

A detailed description of a general process that can be used to combine staple fibers and continuous, 
meltblown fibers can be found in U.S. Patent No. 4,118,531, columns 4 and 5, and associated FIGS. 1 and 
2, incorporated herein by reference. The crimped fibers of the process disclosed in U.S. Patent No. 
41 18,531 are replaced by electrically charged fibers in the process of the present invention 

In the present invention, the staple, electrically charged fibers are preferably combined with the 
continuous, meltblown fibers a short distance from where the continuous, meltblown fibers emerge from the 
die. Because the continuous, meltblown fibers are widely spaced at this point, the converging staple, 
electrically charged fibers become uniformly distributed and entangled with the continuous, meltblown 
fibers. The staple, electrically charged fibers are entangled in the matrix formed by the continuous, 
meltblown fibers, with the result that the web formed by the process of this invention is uniform and exhibits 
mechanical integrity. 

The collection distance, that is, the distance between the die orifices and the collector may also be 
varied to vary, for example, the depth of penetration by fibers into the perforations of the collection screen 
and consequently the height of the pillows formed in the web. As the opening size in the collection screen 
is increased, the distance from collection screen to die may also be increased. The ratio between the 
collector distance and the diameter of the opening usually ranges between about 5:1 and 30:1. The 
collector distance will generally be not less than about 2 cm, and preferably not less than about 4 cm, in a 
meltblowing operation, so that the regions collected on the lands of the collection screen will be fibrous 
rather than film-like, and therefore will provide a filtration surface area. It is typical to use collection 
distances of about 30 cm. and preferably the collection distances are greater than 15 cm, so as to provide a 
rather uniform distribution of fibers over the collection area. 

Referring now to FIG. 4, web 50 having a configuration characterized by large pillows or bubbles 52 can 
be made by collecting the web on a screen-like element 54 having large openings therethrough (e.g.. 3.81 
cm in diameter). When the openings in screen-like element 54 are relatively large, it is preferable to place a 
second screen-like element (not shown) in register with screen-like element 54 and on the side of element 
54 opposite to the side of element 54 that faces the die. The function of the second screen-like element is 
to prevent the pillows or bubbles 52 from acquiring excessive depth and to round off the plateaus of the 
pillows or bubbles 52. 

When web 50 is collected on screen-like element 54. element 54 may be left in place to serve as a 
support in filtration articles fabricated from web 50. Alternatively, collected web 50 may be removed from 
screen-like element 54, with the latter then being recycled as in a belt-type collector. For commercial 
purposes, the assembly of web 50 and element 54 can be placed in a frame 56. which frame is typically 
made of cardboard. 

In the process of this invention, webs having pillowed regions having approximately the same thickness 
as the thickness of the web in the land areas can be formed, while the integrity and strength of the pillowed 
regions can be maintained. The ability to create an essentially uniform cross-section results in being able to 
provide greater effective filter surface area with less material and to fabricate filtration articles with low 
pressure drop characteristics. 

Some of the useful collection screens are shown in plan view in FIGS. 5 and 6. The collection screen 
shown in FIG. 5 may be either a honeycombed screen 60, in which the only land area 62 consists of the 
edges of thin walls that divide the honeycomb cells 64, or a flat plate having hexagonal openings stamped 
in it However, collection screens 70 having larger land areas 72 are also useful, and perforations 74 may be 
configured, as the perforations of the screen shown in FIG. 6 to provide pillows of a desired shape. The 
land area of useful collection screens can vary widely, from as little as a tenth of a percent to 90% percent 
of the whole area of the screen. Preferably, it is less than about 60% of the whole area of the screen, and 
often is about 1-5%. Where the land area is small, the opening size in the screen may also be small, for 
example, as small as 2 or 3 mm, though it is usually 5 mm or more. 

It is common for commercial and residential heating, ventilating, and air conditioning systems to have a 
duct slot for accommodating filters that are approximately 25.4 mm thick. Although the process of this 
invention is not constrained by this consideration, it is advantageous and preferred to operate the process of 
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25 



30 



35 



40 



this invention in a manner such that the resulting pillowed web can be inserted in the common-sized slot 
and 7itl fre^ue™ of land areas between pillowed areas is low enough to result in an effechve mcrease 

" ^nTsZ^ far making filtration material suitab.e for commercial and residen- 

tial heiing ventLing. and air conditioning systems involves a col.ecting dev.ce having the following 

"'"^Twire mesh screen having openings approximate.y 6.4 mm square positioned on . .collecting , drum 
2 A wire mesh screen having hexagonal openings with a cell size appropriately 27 5 mm, flat-to-flat 
separated from the aforementioned metal screen by cylindrical wooden dowels approximately 6.4 mm n 
dSS and approximately 20 mm long bonded between the two screens in a rectangular pattern to 
tonctton as spacers. Adjacent dowels are approximate.y 120 mm apart. The wire mesh _screen hav.ng 
hexaaonal openings has an appearance similar to that of the screen-l.ke element of FIG. 5. The web that 
fs formed by £ m Slowing process first contacts the wire mesh screen having hexagonal openings 
^ T restrained by the wire mesh screen having square openings. The resulting web has pillowed 
Saions of Wslfghtly flattened hemispherical shape, with the fibers in the mixture thorough^ entangled 
and the mfodure ol ^ fibeTbeing essentially homogeneous throughout the pillowed regions. When a s.m.lar 
mixture TfTbers is blown onto the same type of wire mesh screen having hexagona open.ngs as 
d^scr bed atove but having no restraining wire mesh screen having square open.ngs portioned beh.nd 
froroduce a web of similar weight the pillowed regions form into elongated cones w.th the fibers 
LhowingTc^inrentanglement and the mixture of fibers showing decreasing homogene.ty towards 

X AnXeTspecffic procedural embodiment of the process of this invention involves a collecting device in 
which ra umTnum honeycomb material ("Hexcel ACG-3/4". Hexcel, Dublin, Calif orn.a) co vers a co lech ng 
drum This honeycomb materia, has hexagona. cells, e.g.. with a flat-to-flat cell s.ze of approx.ma td ,10 
mTandTthickness of approximately 16 mm. The honeycomb material has an appearance simila to that of 
me screen-like element of FIG. 5. The web that is formed by the melt-blowing process is collected on the 
SumST SoneycZ materia, to produce a pillowed web. The resulting pillowed regions have the 
appTxTate dimensions of the honeycomb cells at their outer surfaces and the fibers .n the pillowed 
Unions are thorouahlv entangled and the mixture of fibers is essentially homogeneous. . 

reg ZZr ^ l^o6L^ of a conector suitable for use in the process of £ J^^^ 
FIG 7 in this embodiment, webs having ribs or pleats can be made by using a co lector 80 compnsing a 
frame 82 having a front side 82a and a back side 82b. Parallel rods 84 attached to front side 82a of frame 
aHxtend transversely across the opening in frame 82. A wire mesh screen 86 attached to back s.de 82b of 
fra^f 8 2 cSSy covers the opening Tn frame 82. When a web of this invention is forced to contact rods 
sTof ££2e«i and to be restrained by screen 86 of back side 82b. the web will assume a nbbed or 
pTeald clSuration. The assemb.y of frame 82. rods 84. and screen 86 can be used £^ 
it emeraes from the die. Alternatively, the collector can be in the form of a drum havmg para lei rods 
arrZe? on he periphery thereof, and attached thereto, so as to intercept the web as ,t emerges from the 
oTthefeby causing the web to assume a ribbed or pleated configuration. In effect, the drum ,s equ.va.ent 
tio^rame 82 that has been modified to an arcuate form. The conventional way to .ncrease the Surface area 
of Sal air Sers is to provide a flat material, and. in a separate operation, to pleat the material and insert 
?.^l£wTt£ embodiment of the method of the present invention, a ribbed or pleated web havmg 
pxtended surface area can be made by means of collector 80 in a single operation. 

The p^cei rtiiis invention for making filtration materia, is superior to those of the prior art .n ; that rt . 
integrateS. thereby requiring fewer steps. The processes of the prior art can generally only prov.de webs 

^^^T^^Z^^r —ring a web comprising staple, 
elec^llyTh" ed fibers and continuous, non-charged fibers, because £ ^tic ^ 
charged fibers makes them very difficult to process in conventional equ.pment such , as .a ^W™> 

, WEBBER" web-forming apparatus. Furthermore, webs made by conventional web-form.ng apparatus have 
tow Seng* T Became n Jdle-punching and hydro-entanglement can improve the strength of a m«* .by _on* 
TJm Amount and because thermal bonding methods cannot be used w.th electr.cally charged fibers 
becT se hei neuJalizes the electrical charge of the fibers, the process of this invention ,s advan^geous 
Another advantage of the process of this invention is that webs can be formed .nto many different 

5 desig^or P ans in addition to conventional planar webs. For example, by collecting the web by means 
of a screening relatively small openings (e.g., 0.64 cm in diameter), the resulting web will have p Hows 
or bubbfe proZing from one side of the web, which pillows or bubbles correspond to the open.ngs .n the 
screen The openings in the screen can have various shapes, e.g„ round, square, hexagonal, tnangular. etc. 
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The protrusion of the web into the openings in the screen creates a three-dimensional appearance The 
material of this invention can be used for pleated air filters for commercial or residential heating, venfilating, 
and air conditioning systems. These systems require filters to have sufficiently high permeability to allow 

adequate delivery of air. . 

The electrical properties of the staple, electrically charged fibers are not lost or diminished by the 

process of this invention. . . 

The following, non-limiting examples further illustrate the filtration articles of this invention. 

Examples 

The following properties of the webs in the examples were determined: initial resistance, Initial Dust 
Spot Efficiency, Atmospheric Dust Spot Efficiency, dust-holding capacity, arrestance, basis we.ght, thick- 
ness, permeability, dioctyl phthalate (DOP) penetration efficiency, tensile strength, and fiber diameter. 

Initial resistance is the resistance of a clean device, i.e.. filtration material, operating at its rated air flow 
rate. In the following examples, air flow rate was 0.91 m/sec. 

Atmospheric Dust Spot Efficiency, hereinafter Dust Spot Efficiency, is a measure of the ability of the 
filtration material to remove atmospheric dust from test air. Atmospheric dust is the particulate matter 
naturally occurring in the air supplied to the test duct. Both Initial Dust Spot Efficiency and Average Dust 

Spot Efficiency were determined. 

Dust-holding capacity is the amount of synthetic dust fed to the device, i.e.. filtration material, being 
tested times its average arrestance until either of the following conditions occur: (a) resistance of test device 
reaches the rated final resistance, (b) two consecutive arrestance values are less than 85% of maximum 
arrestance value, but in no case may the dust-holding capacity be calculated including a dust .ncrement 
that corresponds to any arrestance value which has decreased to 75% or less of maximum. 

Arrestance is a measure of the ability of the test device to remove injected ASHRAE synthetic dust 
from the test air. It is calculated as a percentage relationship on a weight basis. ASHRAE synthetic dust 
consists of 72% standardized air-cleaner test dust fine, 23% by weight Molocco black. 5% by we.ght No. 7 
cotton linters ground in a Wiley mill with a 4 mm screen. 

Rated final resistance is the maximum operating resistance of the device at rated air flow rate. 

The definitions of initial resistance, Atmospheric Dust Spot Efficiency, atmospheric dust, dust-hold.ng 
capacity arrestance, and ASHRAE synthetic dust are discussed in greater detail in ASHRAE standard 52-76 
(1976). The American Society of Heating, Refrigerating, and Air-Conditioning Engineers. Inc.. incorporated 

herein by reference. . . . , , 

Basis weight was calculated by weighing a predetermined size of the web on an electronic balance 

capable of measuring to the nearest 0.01 g and expressing the result in g/m 2 . 

Thickness, or loft, was determined by measuring the distance between two discs that exert a 
compressive force of 0.1 g/cm 2 on the sample web. 

Permeability was determined by means of a device that exposes the sample to an air velocity of 0.91 
m/sec. The permeability, or pressure drop, is expressed in pascals (Pa). 

DOP penetration efficiency was determined by means of an instrument that measures the percentage of 
DOP aerosols that penetrate a filter sample at a flow rate of 32 l/min. DOP particles have a size of about 0.3 
microns in diameter. 

Tensile strength was measured by means of a testing apparatus available from Instron Corporation. 
Samples of a size 7.62 cm wide by 15.24 cm long were cut. with the 15.24 cm dimension in the machine 
direction of the web. The clamping jaws were 2.54 cm wide and the jaws separation was 7.62 cm. The rate 
of separation was 1 2.70 cm/min. 

Fiber diameters of the staple fibers and the continuous, meltblown fibers in the samples were 
determined by examining scanning electron photomicrographs and measuring the diameter of from about 
40 to about 80 random individual fibers by means of a calibrated scale. The diameter is reported as the 
mean and standard deviation of the mean. Fiber diameters of samples made on RANDO-WEBBcR 
equipment were measured by converting from denier to fiber diameter for a known material density. 

The purpose of Examples 1 and 2 and the following two comparative examples is to compare the Dust 
Spot Efficiency of filters of the prior art with the Dust Spot Efficiency of filters of the present invention. 
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In this example, a composite fibrous web was prepared on the apparatus as shown in FIG. 3 using a 
nJ^m^^\^ staple fibers (-RLTRETE G-0108") and 65** by we.ght continuous 
polymeric, meltblown fibers ("Exxon 3085" polypropylene). The web formed was planar in configuration u For 
purposes of testing, the web was pleated to form pleats approximately 19 mm deep, at a frequency of 39 
pleats per meter. For purposes of testing other properties, the web was used in the planar form. 



Comparative Example A 



In this comparative example, a "Koch" 40% filter, available from Koch Rlter Corporator,, was used. The 
filter was a cotton/polyester composite, and it bore no electrical charge. It had a pressure drop across 
sufficiently low to make it suitable for use in commercial and res.dent.al heating, venflatng, and a.r 
cCSng systems. It was a pleated air filter having pleats approximately 19 mm deep at a frequency of 
39 pleats per meter. 



Comparative Example B 



In this comparative example, an air filter made by needle punching 70 g/m* of "FILTRETE" fibers onto 
a plastic netting fabric (Conwed Plastics) was used. It was a pleated air filter hav.ng pleats approx,mately 19 
25 mm deep at a frequency of 39 pleats per meter. 



Example 2 



In this examDle a composite fibrous web was prepared on the apparatus as shown in FIG. 3 using a 
mixture of 31% * we^staple electret fibers ("FILTRETE G-0108") and 69% by weighl t confinuo^ 
polymeric, meltblown fibers ("FINA 3860X" polypropylene). The collectmg apparatus mcluded a > f r « w.re 
mesh screen (the restraining screen) having approximately 6.4 mm sq uare openmgs in a 
second wire mesh screen (the pillow-forming screen) having hexagonal openmgs with a cell size approx, 
rnSh/ 27 5 mm flat-to-flat The pillow-forming screen was separated from the restrammg screen by means 
of wooden dTelslteh provided approximately 20.0 mm separation between the ^ens^e web first 
exacted the pillow-forming screen and the apexes of the pillows contacted and were restramed by the 

n *tZmZ^Bm*m 1 and 2 and Comparative Examples A and B were tested for filtration properties, 
and the results are set forth in Table I. 
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Resu.ts of the tests show an Average Dust Spot Efficiency rating ^^^^^ 
rimn for the filtration material of Example 1. The commercial filter (Koch MULT-PLEAl w) naa an 
A^raae Dust Spot Effidency rating of 24%. The Initial Dust Spot Efficiency of the filter o Example 1 was 
S c^tfed to 8 ? % for the commercial filter. The initial filter resistance and dust holding capacity of 
the and that of Example 1 was similar. The data indicate that the filtration matenal of this 

nvenSonTs two to five times more efficient (Initial Dust Spot efficiency) than *\™™™f**™™° 
Ster wT* similar pressure drop and holding capacity. The filtration materia, of this invention ,s about 10 to 
15 times more efficient (Quality Factor) than a standard residential air filter 

The purpose of Examples 3. 4. 5. and 6 and comparative Examples C. D and E .s o compare tne 
Qua^Facto'r (S) of filters of the prior art with the Quality Factor (Q) of filters of the present invention. 



Example 3 



75 



In this example a web was made in the same manner as was that of Example 1, with the exception 
being £ a of 25% by weight staple electret fibers ("FILTRETE rj0108") and 75% by weight 
continuous, polymeric meltblown fibers ("Exxon 3085" polypropylene) was used. 



20 



Example 4 



25 



in this example a web was made in the same manner as that of Example 1, with the exceptions being 
that a milTe oft% by weight staple electret fibers ("FILTRETE G-0108") 

polymeric meltblown fibers ("FtNA 3860X" polypropylene) was used and the diameter of the continuous 
fibers was increased from 11.1 M.m to 16.25 urn. 



30 



Example 5 



35 



In this example a web was made in the same manner as that of Example 1, with the ^ c ^ ons ^ 

in tnis example, a weu toftf f?-moa"^ and 40% bv we ght meltblown 

that a mixture of 60% by weight staple Zrs was increased 

fibers ("FINA 3860X" polypropylene) was used and the diameter ot tne conuuuuu 

from 11.1 urn to 22.37 urn. 
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Example 6 



in this example a web was made in the same manner as that of Example 1. with the exceptions be.ng 
that a mLreT 3 5% by weight electret staple fibers ("FILTRETE G-0108") and 65% by we,ght continuous 
45 ^TZmwtLrs ( FINA 3860X" polypropylene) was used and the diameter of the continuous 
fibers was decreased from 11.1 um to 3.92 urn. 



Comparative Examples C, D, and E 



50 



In the comparative examples, the webs for preparing the sample air filters were P™ e ?^ 
" RAN DCM/VE B B ER " airlaying equipment. Ail the fibers making up the web were staple fibers. The 
compositions of the webs are set forth in Table ll. 
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There was a considerable degree of difficulty In preparing the webs of Comparative Ex ample s _C i 0. and 
E because of the high level of static charge on the "FILTRETE G-0108" fibers. Desp.te these ddtaiM 
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several combinations were made. The webs were then needle punched to obtain adequate mechanical 
strength for handling and for testing. 

Comparative examples were compared with inventive examples on the basis of (a) weight of web, (b) 
percentage of electrically charged fibers in the web, and (c) diameter of fibers in the web. Example 3 was 
compared to Comparative Example C, Example 4 was compared to Comparative Example D. and Example 
5 was compared to Comparative Example E. The webs of this invention outperformed conventional webs 
made on "RANDO-WEBBER" apparatus in filtration properties and strength, in the three pairs of samples 
compared, the filtration material of a given example of the present invention had a Quality Factor (Q) 
approximately twice as high as that of the corresponding comparative example. In the three pairs of 
samples compared, the percent penetration of DOP aerosol through the filtration material of a given 
example of the present invention was lower than that of the corresponding comparative example. 



Example 7 
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Nonplanar webs of filtration material having increased effective area for a given slot or duct cross- 
section were made in an integrated one-step collection process by using a collector having an alternating 
open and closed surface formed by parallel rods separated from a restraining screen by a frame. 

The collecting apparatus (see FIG. 7) comprised a rectangular frame 82 (406 mm by 508 mm) having a 
depth of 25.4 mm. To one side 82a of frame 82 was adhered transversely across the length thereof a 
plurality of cylindrical wooden rods 84 (6.4 mm diameter) in parallel, separated from each other by 32 mm, 
center to center. To the other side 82b of frame 82 was fastened a rectangular wire mesh screen 86, having 
openings approximately 6.4 mm square. 
25 This assembly, with the rod-bearing side positioned to intercept the stream of fibers, was passed 
through a stream of fibers consisting of 35% by weight staple electret fibers ("FILTRETE G-0108") and 
65% by weight continuous, polymeric, meltblown fibers (polypropylene). The resulting web collected from 
the surface of the rod-bearing assembly had a fixed corrugated configuration providing the increased 
effective area desired. It also had integrity, strength, and homogeneity comparable to webs produced by 
30 processes of this invention described previously. 

Various modifications and alterations of this invention will become apparent to those skilled in the art 
without departing from the scope and spirit of this invention, and it should be understood that this invention 
is not to be unduly limited to the illustrative embodiments set forth herein. 
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Claims 



1. A web comprising: 

(a) a mass of continuous, meltblown, fibers made of polymeric or glass material: and 
40 (b) staple, electrically charged fibers randomly dispersed among the continuous fibers. 

2. The web of Claim 1 , wherein the concentration of said electrically charged staple fibers range from about 
10% by weight to about 80% % by weight of the web. 

3. The web of Claim 1 . wherein the average diameter of said continuous fibers is from about 0.1 micrometer 
to about 50 micrometers. 

45 4. The web of Claim 1. wherein the average diameter of said continuous fibers is at least about 10 

micrometers. . 

5. The web of Claim 1 . wherein the average length-to-diameter ratio of said continuous fibers is at least 

about 5000:1. 

6. The web of Claim 1, wherein the average length of the staple, electrically charged fibers is from about 

so 6.5 mm to about 50 mm. 

7. The web of Claim 1, wherein at least a portion of said electrically charged fibers contain a positive charge 

only. J . 

8. The web of Claim 1, wherein at least a portion of said electrically charged fibers contain a negative 

charge only. • 
55 9. The web of Claim 1 , wherein at least a portion of said electrically charged fibers have a permanent state 

of electric polarization. 

10. The web of Claim 1, wherein the pressure drop through the web is less than about 74.7 pascals (Ha) at 
0.91 m/sec air velocity. 
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11 The web of Claim 1. wherein the continuous fibers are made from a polymeric material selected from 
the qroup consisting of polyolefins, polyesters, polyurethanes. and mixtures thereof. 

12 The web of Claim 1 1 wherein the continuous polymeric fibers are made of polypropylene. 
13. The web of Claim 1, wherein the value of Quality Factor (Q). where 



-ln(% POP Penetration/100) 

A F 



20 web. 



W where "DOP Penetration" represents the percentage of dioctyl phathalate particles having a size of 0.3 
m ToJZ £ pass through the web. as measured by TDA-100 ^^^^^S^ 
Inc.. Baltimore. Maryland. "AP" represents the pressure drop in pascals (Pa), and In indicates the 

logarithm, 

75 ranges from about 0.05 Pa" 1 to about 5 Pa . 

14 The web of claim 1 . wherein the value of Quality Factor (Q) is at least about 0.1 Pa . 
5 The web oTSm 1. wherein said web comprises a plurality of pillowed regions spaced from one 
an »ih»r hv nianar r-oions said pillowed regions displaced to one side of said planar regions. 
^^^T^T'Jr^ said web comprises a plurality of pleats running transversely across said 

Tflvlethod of preparing the web of Claim 1. comprising the step of combining continuous meltblown fibers 
and Zt IcSy charged fibers, such that said electrically charged fibers are randomly dispersed 
among said continuous fibers. 

in Th^ method of Dreoarinq the web of Claim 15, comprising the steps of: 

0 cTm^n SZs, meKblown fibers and staple, electrically charged fibers, such that said 
PiPr.tricallv charaed fibers are randomly dispersed among said continuous fibers. 
SrcoScLq the combination of continuous fibers and staple fibers on a collector comprising • pUkm- 
SrS??^r^^J«*o. therein and a restraining screen disposed behind said p.Uow.form.ng 
screen so that pillowed regions accumulate in the openings of said pi.low-form.ng screen and said 
niiinwpri reaions are restrained by said restraining screen. 

19 C meS of Claim 8. wherein said pillow-forming screen contains a series o circular openings. 

20 Jne metnod of Claim 18. wherein said pillow-forming screen contains a series of hexagonal openings. 
P1 The method of preparing the web of Claim 16 comprising the steps of: 

(} ccS conLous. meltblown fibers and staple, electrically charged fibers such that said 
li^rh-irallv charaed fibers are randomly dispersed among said continuous fibers, 
ScoSnJ ^StorSnation of continuous fibers and staple fibers on a co.lector comprising a plurality 

of parallel rods, and 

(3) recovering a web having a plurality ofpleats therein. 
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